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CHARACTER OF THE INTERACTION OF ZIRCONIUM DIOXIDE WITH /1521* 
TITANIUM, NIOBIUM, AND CHROMIUM CARBIDES 

T.Ya.Kosolapova, V.B.Fedorus, Yu.B.Kuzfma, 
and Ye ,Ye. Kotlyar 

Studies on the mechanism of interact ion of a monoclinic 
modification of zirconium oxide with t r ans i t i on  metal 
carbides (titanium, niobium, and chromium), with the aim 
of finding refractory materials with improved properties, 
a r e  described. 
materials and the interaction products a re  tabulated. 
Interaction in the  system ZrOz-Tic starts a t  1300°C leading, 
a t  1900 - 20OO0C, t o  formation of a complex oxycarbide with 
a l a t t i c e  constant of 4.43 A. The system Zrh-NbC starts 
interact ion a t  l 5 d C  and forms a complex carbide plus a 
complex oxide a t  1900 - 20OO0C. Interaction in the system 
ZrOz-Cr,Cz with a higher carbon content leads t o  reduction 
of ZrOz t o  Z r C  and formation of Cr7C3. The differences i n  
interact ion a r e  a t t r ibuted t o  the difference i n  electronic 
s t ructure  of the carbide-forming metals of groups IV, V, V I .  

Percentual compositions of the  s t a r t i ng  

A s  indicated e a r l i e r  (Ref.l), an investigation of the  mechanism of interac- 
t i on  of t he  carbides of t rans i t ion  metals of  groups IV-VI of Mendeleyevfs peri- 
odic t ab le  with refractory oxides i s  of i n t e re s t  f o r  finding new materials with 
enhanced properties. 

The present investigation had the purpose of studying the interact ion of 
titanium, niobium, and chromium carbides with zirconium oxide. 

A s  s t a r t i ng  materials we used a monoclinic modification of zirconium oxide 
and carbides whose compositions a re  given i n  Table 1. 

Pe l l e t s  of mixtures of zirconia and carbide of the corresponding metal were 
heated i n  a vacuum of 1Cr2 mm Hg i n  the 1000 - 20OO0C temperature range. The 
r e su l t s  of the experiments were estimated from the  data of phase chemical and 
X-ray d i f f r ac t ion  analyses. 

A t  1300"C, zirconium oxide does not i n t e rac t  with titanium carbide and the 
reaction product according t o  the  data of chemical and X-ray analyses consists of 
T i c  and Z r O z  (Table 2). With a rise i n  temperature, the percentage of insoluble 
residue ( ZrOz ) decreases, and the solution contains , along with titanium, /1522 
a small quant i ty  of zirconiumwhose content increases with the temperature. The 
X-ray diffract ion patterns of the reaction products showed l i n e s  of a new phase; 
a t  19OO0C the X-ray patterns consisted exclusively of the l i nes  of t h i s  phase. 

* Nunibers given i n  the  margin indicate pagination i n  the  or iginal  foreign text. 
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Content ,  ?& 

Cal C U I  a t e d  Rased on Chemical A n a l y s i s  

M 1 ‘ total  1 ‘bound* 1 ‘free 

- Carbide 

TABLE 1 

Sum, 

+‘total I 

COMPOSITIONS OF CARBIDES USEP 

.loo%. % o t a ~  ‘free 

1’0 ‘ free 
*Cbound was c a l c u l a t e d  for the cartbide phase = 

TABLE 2 

COMPOSITION OF THE PRODUCTS OF INTERACTION OF Z r O z  WITH T i c  
(Pressure, 5 X 1c2 mm Hg; heating time, 1 h r )  

~ 

90 D a t a  of X-Ray , 
A n a l y s i s  

-7 a J i  
Cmntent, % 

I 

Zr TI 

C h a r g e  39.5 
1000 39.5 
1100 39.6 
1200 39.5 
1300 39.6 

lsoo 39.5 
1600 39.6 
1800 39.6 
1800 30.5 
!am 39.4 m 39.5 

.i- % U l  0 

37.6 10.0 0.47 
39.0 9 4 Undet .  
37.7 9 .6  

37.9 9 . 7  

38.0 9 0 s a 
33.2 8.45 a 
40.0 8.M a w 
40.3 8 . 0  w 
40.3 8.10 w 
40.0 9.0 w w 

37.6 9 6 D * 

37.0 
29.5 
18.6 a 
18.1 s 
10.7 
a s  - 

72.8 rn s 

74.0 e s 
- 
13.4 b - -  - -  

ZrOl + ’TIC 

Z4.t 11.8 9.0 r) Y 4 =&.SEA 

The new phase, conditionally called the c-phase, has a face-centered cubic l a t -  
t i c e  of t he  N a C l  structure. The l a t t i c e  constant decreases with a rise i n  tem- 
perature and, a t  1900 - 200OoC, reaches a minimal value of a = 4*43 A. 
l a t t i c e  constant does not correspond t o  i t s  value f o r  T i c  (4.34 A ) .  
X-ray d i f f rac t ion  patterns of specimens obtained a t  1900’ and 20OO0C do not have 
l i n e s  or’ other pnases except the c-phase an6 since the content of i n s u i u b i e  
residue i s  low a t  these temperatures, we can assume t h a t  the soluble pa r t  repre- 
sen ts  t he  c-phase. 
sponds t o  oxycarbide ( Z r o , 3 T b . 7  ) ( c 0 . 5 ~  @.44 ). 

This 
Since the 

Its composition according t o  chemical analysis data corre- 

When zirconium oxide was  heated with niobium carbide t o  l4OO’C no changes 
were observed i n  the composition of  the s ta r t ing  product (Table 3). 

The s t a b i l i t y  of niobium carbide i n  a mixture of acids with oxidizing 
agents and in a mixture of oxidizing agents with complexing agents was studied 



* 
t o  develop a method of phase analysis of the alloys of t h i s  system. It was 
established tha t  niobium carbide i s  c o q l e t e l y  dissolved i n  3@ solution of 
hydrogen peroxide a t  the  boiling point within 1 - 1.5 hr, and i n  a mixture of 
3@ solution of hydrogen peroxide with c i t r i c ,  oxalic, and t a r t a r i c  acids, 
Trilon B, and ammonium fluoride, within 20 min.  
oxide f o r  a l l  pract ical  purposes i s  not dissolved. 
zirconium oxide from niobium carbide by a mixture of hydrogen peroxide and 
c i t r i c  acid was checked on a r t i f i c i a lmix tu res .  
s i b i l i t y  of conducting phase analyses based on the d i f fe ren t  so lubi l i ty  of NbC 
and Z r O z  in the indicated mixture. 

I n  t h i s  case the  zirconium 
The poss ib i l i ty  of separating 

The r e su l t s  confirmed the pos- 

L) 

2 0  ’ 

TABLE 3 

Phase Composit ion I - Res idue ,  b P o r t i o n ,  % E -  
Nbl Zr ugl “, / $  Nb /Zr/ C Nbl Zr I C (  0 1  

COMPOSITION OF THE PRODUCTS OF INTERACTION OF ZrO2 WITH NbC 
(Pressure, 5 X 1g2 mm Hg; heating time, 1 h r )  

Charge 
IO00 
1100 
1200 
1300 
14M) 
1500 
1600 

IROO 
1700 

1900 
2000 
2100 

bmposi t i o n  Composit ion 
$ I b n t e n t .  % I of I n s o l u b l e  1 of Dissolved 1 

55.1 27.8 
55.0 26.9 

55.0 27.3 
55.R 21.0 
56.1 26.9 
55 8 27.0 
56.0 27.0 

27.0 27.0 

- - 

- 27.2 

- n.o - 26.8 
57.5 2g.1 

‘-3’ Unae- 

;:$ t g c v d  
7.10 
6.90 * D 
6.40 
6.50 * 
6.40. D 
6.55 * 

36.5 74.0 
36.6 D 74.0 
33.4 D - 
33.3 D - 
32.5 74.1 
31.3 - - 

6.60 e 31.7 D 74.3 
5.80 D R0.I  s 74.2 
5.R5 29.5 - 
5.25 D 42.8 26.2 45.2 

- 
82.3 5.27 9 . 7 2 . 7 3  
R1.6 6.59 8.4 3.42 
81.9 6 24 8 .3  4.46 
23.1 13.8 9 . 2  - 

0, + NbC o ~ b ~ = 4 . 4 5 A  
Same 
Same. 
Same 

Same 
Same 
Same 
Same 
Same 
Same 
Same 

L i n  
ZrOt,  

Same 
“NbC 
“NbC 
aNbC 
“NbC 
“ X b C  
“NLC 
“Sbc: + NbC 

e s  bro 

= 4 . U  A 
=4.45 A 

= 4.44 h 
= 4.44 h 
=fi.U A 
= 4.44 A 

aden, 

= 4.45 h 1 

The procedure of phase analysis reduces t o  the  following: A sample of 
powder of l+O p, par t i c l e  grain s i z e  i s  treated with a mixture of 50 m l  3@ 
hydrogen peroxide solution and 30 ml of a 50$ c i t r i c  acid solution, under boi l ing 
f o r  1 - 1.5 hrs. 
per iodical ly  adding 3 - 5 ml. 
soluble residue is  f i l t e r e d  off,  washed, dried,  and weighed. 

The concentration of hydrogen peroxide i s  kept constant by 
After heating, the solution i s  cooled, the  in- 

O f  t he  insoluble residue, 0.03 - 0.05 gm i s  fused with potassium pyro- 
sulfate, the  a l loy  i s  leached with a mixture of 15 - 20 m l  sulfur ic  acid (1:,$) 
and 1 m l  of  a 3% hydrogen peroxide solution; a t  an ac id i ty  of the  solution cor- 
responding t o  2 N, the  zirconium content i s  determined by the coqlexometric 
method. Fromthe second portion of the insoluble residue, a f t e r  fising with 
potassium pyrosulfate and leaching i n  15 - 20 m l  of a 5% t a r t a r i c  acid solution, 
t h e  niobium content i s  determined by t h e  colorimetric method (thiocyanate). The 
carbon content is  determined from a third par t  of the insoluble residue. 

The content of zirconium and niobium i s  determined i n  the solution. 
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Zirconium, whose content increases with the  temperature of the reduction 
reaction while t ha t  of niobium decreases, enters i n to  solution a t  L!+OOoC. 

d i f f rac t ion  pat terns  of the reaction products. 
ZrOrNbC new phases are formed a t  temperatures above L!+OOoC but t ha t  t h e i r  
negligible content cannot be detected by X-ray analysis. 
t i on  patterns of the reaction products the lines broaden a t  210O0C, and addi- 
t i ona l  ref lect ions appear. 

How- 
ever, up t o  2 1 0 0 ° C  only l ines  of Zr02 and NbC a r e  observed on the X-ray /1523 

W e  can assume tha t  i n  the  system 

On the X-ray diffrac-  
I 

In the insoluble residue, we found 26.25% Nb along with zirconium. The 
I composition of the residue must be refined and i s  approximately extracted ac- 

cording t o  the formula and of the soluble part ,  N b l . o s Z r o . 1 ~ C .  

The interact ion of zirconium oxide with chromium carbide Cr3C2 having a 
higher carbon content w a s  estimated by X-ray analysis*. A t  temperatures up t o  
13OO0C, l i n e s  of Cr3C2 and Z r 0 2  a re  observed on the X-ray patterns of the speci- 
mens. 
Z r C  and C r 7 C 3  a r e  observed. A t  170Q°C,  the  main phase i s  the Z r C  phase with a 
l a t t i c e  constant a = 4.675 - 4.676 Ad i n  addition t o  C q C 3  and, in negligible 
quant i t ies ,  Cr,C2 and ZrG. A t  1800 C, the  l i n e s  of ZrG a r e  absent from the  
X-ray patterns. 

A t  U 0 O o C ,  weakening of the  l i nes  of Z r Q  and appearance of the lines of 

Thus, we can assume tha t  the interaction of zirconium oxide with carbides 
occurs over the equations: 

ZrOz + Tic+ Z T ~ ” ~ L ~ C ~ O I - ~  ’ 

ZrOz + NbC + Nb,Zrl-.C + Nb,Zrt-,Oz 
5ZrOz + 2!Cr& = ‘5ZrC + 9Cr7C3 + iOc0 

, 

1 

The formation of complex oqcarbides  during the reaction of Z r 0 2  with T i c  
has t o  do with the  f a c t  t h a t  both these m e t a l s  whose atoms, i n  the isolated 
state, have the electronic configuration d2s2 produce a high s t a t i s t i c a l  weight 
of t he  do s ta tes ,  with t rans i t ion  of some of the  valence electrons t o  a collec- 
t i v e  state and with s tab i l iza t ion  a s  a r e su l t  of these valence electrons of sp3 
configuration of carbon and the formation of s table  S2-f configurations of the  
oxygen atoms (Ref.2). 

During reaction of Z r 0 2  with NbC, the  high s t a t i s t i c a l  weight of the d5 
states of niobium causes a lessening i n  s tab i l iza t ion  of the  carbon atom Sp3 
configurations by the  valence electrons of niobium; t h i s  reduces the probabili ty 
of q c a r b i d e  formation so  tha t  a complex carbide of zirconium-niobium i s  formed 
along with the complex oxide. 

This mechanism i s  fur ther  intensified during interact ion of Z r Q  with 
Cr3C2,  i.e., with the  carbide of a metal whose s t a t i s t i c a l  weight of the  d5 
states i s  s t i l l  greater  a t  a respectively lower probabili ty of s tab i l iza t ion  of  
t he  carbon sp3 s t a t e s  and the oxygen s2p6 s t a t e s  by the chromium valence elec- 
trons.  
carbides of zirconium and chromium and the  removal of some of the  carbon as CO 

Thus, the reaction i n  t h i s  case proceeds under formation of only the 

The X-ray analysis was performed by 0.T.Khorpyakov. 
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with no formation of oxycarbides. 

The authors wish t o  thank G.V.Samsonov f o r  h i s  valuable comments and advice 
i n  carrying out this study. 

CONCLUSIONS 

The interact ion i n  the  systems Zr02-Tic, Zr02-NbC, ZrOrCr3C2 was studied. 
It w a s  established that :  

The interact ion i n  the system Zr02-Tic begins a t  13Oo0C and leads, a t  
1900 - 20OO0C, t o  the formation of a c-phase which is  ident i f ied from the  data  
of X-ray and chemical analyses as a complex oqcarbide of the apprqimate com- 
posit ion (Zro,3T&,7 )(Co.56@.44) with a l a t t i c e  constant a = 4.43 A. 

of about 1900 - 20OO0C a complex carbide of t he  type (Nb,Zrl-, )C i s  formed along 
with a complex oxide of the type (NbYZrl-,)O2. 

The interact ion i n  the  system Zr02-NbC begins a t  15OO0C. A t  temperatures 

A chemical phase i n  the analysis based on the d i f fe ren t  so lubi l i ty  of 
zirconium oxide and niobium carbide i n  mixtures of hydrogen peroxide and c i t r i c  
acid was developed. 

The interact ion of zirconium dioxide with chromium carbide Cr3C2  with a 
higher carbon content occurs a t  temperatures as low as 13OO0C, with the reduc- 
t i o n  of Z r O z  t o  ZrC and the appearance of a lower chromium carbide CD, C3. 

The difference in the character of t he  interact ion of zirconium oxide with 
carbides of m e t a l s  of groups IV, V, and V I  of the  Mendeleyev periodic tab le  i s  
related with the  difference of the  electronic structure of the atoms of the 
metals forming the carbides. 
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